Intra-erythrocytic concentration of 2,3-diphosphoglycerate is a major determinant of the oxygen affinity of hemoglobin. We reporthere the adaptation of its assay to a centrifugal analyzer,with use of a commercially availablereagent.
Results are calculated by using the reagent-blank-corrected absorbance change at 340 nm between 120 and 300 s for the samples and a 2.5 mmol/L standard. Under these conditions the standardcurve is linear to 5 mmol/L. The compound in a 101-fold aqueous hemolysate is stable forseveral weeks at either-4 or -70 #{176}C. Assay sensitivity and precisionare excellentand resultsagree well with those by the corresponding manual method.
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2,3-Diphosphoglycerate (2,3-DPG) is a major determinant
of the hemoglobin oxygen affinity in erythrocytes (1) . Increases in its concentration in the erythrocytes cause a decrease in the hemoglobin oxygen affinity (2) . The concentration of 2,3-DPG in blood reportedly increases in individuals after vigorous muscular exercise or in those who have illnesses associated with hypoxia, such as severe anemia, sickle cell disease, obstructive pulmonary emphysema, or chronic pulmonary disease (2) (3) (4) . The concentration of 2,3-DPG in the erythrocytes is also increased in patients with erythrocyte pyruvate kinase (EC 2.7.1.40) deficiency (5) .
Using a commercially available reagent kit (Calbiochem, La Jolla, CA 92037), we adapted the enzymic assay of 2,3-DPG to a centrifugal analyzer and compared it to the corresponding procedure as performed manually with the commercial kit. The Calbiochem reagents are based on the enzymic assay method of Nygaard and Rorth (6) , outlined in the following scheme: 2,3-DPG is a rate-determining co-factor in the conversion of 3-phosphoglycerate to 2-phosphoglycerate by phosphoglyceromutase. The rate of change in absorbance at 340 nm is proportional to 2,3-DPG concentration.
2,3-DPG
Materials and Methods
Specimens
Venous blood was drawn directly into a VacutainerTube (Becton-Dickinson, Rutherford, NJ 07070) containing ethylenediaminetetraacetate or heparin. A hemolysate was prepared by mixing one part of whole blood with 100 parts of distilled water. The hemolysates contained no substances in high enough concentration to interfere with the assay (7). This high dilution enables one to use blood samples from either pediatric or adult patients. If the hemolysates are not to be assayed the same day they are prepared, they should be stored at -4 or -70 #{176}C.
Centrifugal Analyzer
We used the Aminco "Rotochem ha" (American Instrument Co., Silver Spring, MD 20910) with 36-place transfer disk and cuvette rotor. We used the Aminco "Rotofill II" diluter to fill transfer disks with reagent and sample. As for specimens, the stock standard is diluted 101-fold with water.
Procedures
Centrifugal analyzer method.
The transferdisk is loaded with distilled water in position1;2,3-DPG 2.5mmol/L in position 2;and samplesorcontrols inposition 3-35. The Rotofill II is set so that 20 zL ofdistilled water, sample,standard, or control is picked up and delivered tothe inner sample well n (assays) 
Manual method.
The manual assays were performed with the Calbiochem "2,3-DPG Stat-Pack"reagents accordingto the procedure described in the reagent kit insert, with absorbance measurements on a "Stasar III" (Gilford Instrument Laboratories, Inc., Oberlin, OH 44074). 
Results
Linearity.
The standard curve for the assay is linear over the range 0 to 5 mmol of 2,3-DPG per liter (Figure 1) , as established by using serial dilutions of the Calbiochem 2,3-DPG standard solution.
Precision. Table 1 summarizes the within-run and dayto-day precision of the assay as performed with the centrifugal analyzer. For the day-to-day study, three aqueous dilutions of Sigma Metabolite control material were prepared in concentrations within the linear range, and 1-mL aliquots were stored at -70 #{176}C.
Comparison study.
We assayed the 2,3-DPG concentration of 42 whole-blood specimens, using the manual enzymic method and the centrifugal analyzer enzymic method. The concentration of these specimens ranged from 0.36 to 4.48 mmol of 2,3-DPG per liter of whole blood. By least squares analysis, we obtained a correlation coefficient of 0.988, a slope of 1.036, and an intercept of -0.048 for the comparison of the two methods.
Stability of 2,3-DPG. We evaluated the stability of 2,3-DPG in whole blood and in hemolysates. Table 2 summarizes our data on the stability of 2,3-DPG in whole blood. In this study, blood was drawn from nine individuals into two sets of tubes containing ethylenediaminetetraacetate as anticoagulant. One set of tubes was stored refrigerated at 4 #{176}C, the other left on the laboratory bench at room temperature (-24 #{176}C). Hemolysates of the contents of each tube were prepared at the indicated times and frozen. After the 24th samples were prepared, the contents of all hemolysate tubes were thawed, 2,3-DPG concentrations determined, and the values compared to those for hemolysates prepared when these same blood samples were freshly drawn. 2,3-DPG concentration increased significantly (p < 0.05) during 24 h in blood stored at 4 #{176}C. Blood stored under ambient conditions showed an increase in real 2,3-DPG concentration during the first 3-h period, but a decrease after 24 h. Both changes were statistically significant by the paired t-test (p <0.05 for both).
We evaluated the stability of 2,3-DPG in hemolysates by preparing hemolysates of blood specimens from five people. for the respective datasets were determined by least squares analysis of the data Each hemolysate was divided into 1-mL aliquots, which were stored at +4, -4, and -70 #{176}C for up to 36 days. Figure 2 shows a semi-log plot of the mean values for these hemolysates at the three storage temperatures. There is a definite first-order decrease in 2,3-DPG concentration for hemolysates stored at 4 #{176}C. 2,3-DPG concentration decreases considerably less with time in hemolysates stored at -4 and -70 #{176}C. marizes the mean and standard deviation of the first-order rate constants (k) for the diminution in 2,3-DPG concentration at the temperature listed. Kinetic parameters were calculated by using first-order rate equations. The p-values indicate the statistical significance of these rate constants as compared to a rate constant of 0 (i.e., no change in 2,3-DPG concentration with time). Note that even though the rate constant at -4 #{176}C is 20-fold smaller than the constant at +4 #{176}C, it is statistically significant from zero. The rate constant at -70 #{176}C was not different from Oat the p <0.05 level, which indicates excellent 2,3-DPG stability at -70 #{176}C for at least 36 days. The time required for a 1% decrease in 2,3-DPG concentration, as estimated from the rate constants, is also listed. Reference range. Using venous blood specimens from 24 apparently healthy individuals (18 men and six women), we determined a reference range (mean ± 2 SD) of 3.76 to 5.76 mmol of 2,3-DPG per liter of erythrocytes. This range agrees well with the range of 2.8 to 6.9 reported by Calbiochem (8), the range of 4.2 to 5.4 reported by Kiesow and Bless (9) , and the range of 2,54 to 6.50 obtained by DeLaMorena et al.
(10).
Discussion
We have shown thaterythrocyte 2,3-DPG can be assayed satisfactorily with a centrifugal analyzer. The centrifugal analyzer offers the obvious advantages of simultaneous multiple sample assays and small reagent volumes. The use of an enzymic rate assay method obviates the deproteinization that is required in some methods (11, 12) . The rate assay also requires less sample and shorter working times, is highly specific, and eliminates the need for sample blanks. The availability of a commercial reagent kit lends convenience to the method. The fact that increased oxygen affinity in stored blood correlates with decreasing erythrocytic 2,3-DPG concentration (13) , makes this method quite useful for monitoring the viability of banked blood. We believe the decrease in 2,3-DPG concentration in hemolysates stored at 4#{176}C is probably attributable to hydrolysis. The rate of hydrolysis is considerably reduced at -4 #{176}C and even more so at -70 #{176}C. As for 2,3-DPG stability in whole blood, we believe that both the increase and decrease in 2,3-DPG concentration are attributable to changes in glycolysis. When blood is drawn into a Vacutainer Tube, there is a change in the blood-gas equilibrium, which causes an increase in the intracellular pH of the erythrocyte. This pH increase results in enhanced concentrations of erythrocyte 2,3-DPG by stimulating glycolysis via activation of phosphofructokinase (2) and by affecting the activities of 2,3-DPG mutase and phosphatase (14) . Increased erythrocytic lactate concentration owing to continuing glycolysis in the erythrocyte in vitro causes a decrease in intracellular pH. This pH change inhibits 2,3-DPG production (2, 14) . Our stability data show the relation between storage temperatures and these pH shifts;
hemolysates must be prepared as soon as possible after obtaining the blood specimens and must be frozen if storage is necessary before analysis.
The assay has excellent precision and the standard curve is linear to 5.0 mmol/L. We selected the time interval of 120 to 300 s for measuring the absorbance change on the basis of the best balance of accuracy, precision, and assay time. This evaluation was performed with the Sigma Metabolite Control and the accuracy judged relative to the mean value reported by Sigma. Overall, we found a very good correlation between results by the analyzer and manual methods.
New Micro-Turbidimetric Method for Determination of Protein in
Cerebrospinal Fluidand Urine
Jihei lwata and Osamu Nishikaze
We report a new micro-scale (0. 1-mL sample) turbidimetric method for determination of protein by use of benzethonium chloride in alkali. The method is highly specific for protein, has a higher sensitivity than the classic method of Lowry et al., and shows satisfactory reproducibility and recovery. The turbidity produced in our method is the same for albumin and y-globulin and is more stable than in Meulemans' method (in which sulfosalicylic acid is used) or in the method of Bossak et al. (in which trichloroacetic acid is used). In contrast to Pesce and Strande's method, there is no manipulative loss of protein.
Cerebrospinal fluid and urine, especially the latter, contain peptides of relative molecular masses less than 10 000, which react with the biuret reagent and Folin phenol reagent and yield absorbances at the same wavelength (280 nm) as protein.
Therefore, when the biuret technique, the method of Lowry et al., or spectrophotometry is used, protein in cerebrospinal fluid or urine should be determined after removing these interfering substances (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Turbidimetry with use of sulfosalicylic acid (12) or trichloroacetic acid (13) does not require the preremoval of nonprotein components, but the turbidity produced is unstable and easily flocculates. We describe a method that has none of these disadvantages, being based on the fact that, in alkaline solution, protein reacts with the quaternary ammonium salt, benzyldimethyl{2-[2-(p-1,1,3,3-tetramethylbutylphenoxy)ethoxy1ethylammonium chloride (benzethonium chloride) to produce a turbidity that is very stable and less dependent on temperature.
Our simple procedure is appropriate for use in the routine laboratory.
